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Scintillation Camera with Multichannel Collimators       
Hal Anger   Berkeley, California 
 
JOURNAL OF NUCLEAR MEDICINE 5:515-531, 1964 
 
 
A Novel High-Sensitivity Rapid-Acquisition	
Single-Photon Cardiac Imaging Camera.	
	
Gambhir SS et al. Stanford Univ., J Nucl Med 2009; 50:635–643.	  
	
Nuclear medicine imaging uses 2 types of modalities: SPECT (3/4) 
and PET (1/4). 	
	
 With SPECT, myocardial perfusion studies predominate; these 
studies were performed in approximately 7 million patients in the 
USA in 2004 and provided images of relative myocardial perfusion at 
rest and under stress. 	
By assessing the extent of ischemic and infarcted myocardium, 
SPECT provides noninvasive information that has become central in 
clinical decision making, determining the need for invasive cardiac 










EVIDENCE in myocardial perfusion imaging	
Myocardial SPECT is performed with scintillation 
cameras that rotates around the patient. Typically, 
each scintillation camera is equipped with parallel-
hole HR collimators.  
 
Only 0.02% of the photons emitted from the heart are 
collected. New detector technologies have been 
explored, but they have not significantly improved 
system sensitivity, which is limited by collimation.　 
As a result, acquisition times of 10–20 min are 






Each detector column is composed of CZT sensor (39 x 39 x 5 mm) 
with four 16 x 16 pixel detectors and tungsten collimator with 0.2-mm 
septa and square opening  (pitch, 2.46 mm; length, 21.7 mm).  Nine 
detector columns, each capable of rotation and translation, are used to 
scan the myocardium.	
	
Drs. Daniel Berman and Sanjiv Gambhir are members of the Medical Advisory Board and 
consultants for Spectrum-Dynamics. 	
D-SPECT Cardiac Scanner  
Images of anthropomorphic 
torso phantom scanned on 
both  D-SPECT and SPECT. 
Horizontal long-axis (HLA), 
vertical long-axis  (VLA), and 
short-axis  (SA)  
CONCLUSION 
	
These characteristics of D-
SPECT camera, including 
markedly improved 
sensitivity with high spatial 
resolution and higher 
patient throughput, offer 
great promise for clinical 
dynamic SPECT protocols.  
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  et	  al	  	  	  EJNMMI	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A.	  Mul$-­‐pinhole	  collimator	  covering	  the	  heart	  volume.	  	  
B.	  Pinhole	  collima$on	  and	  miniaturiza$on	  of	  the	  detector	  	  
C.	  A	  CZT	  detector	  size	  as	  compared	  to	  a	  PMT	  of	  a	  conven$onal	  camera.	  	  
D.	  The	  detector	  box	  with	  its	  rear	  electronic	  connec$ons.	  	  



































MAP-EM (Maximum a Posterior-Expectation Maximization)  
最大事後確率推定--期待値最大化法 
(30–70 iterations of the algorithm) 
 
 
Hebert T & Leahy R.  
A Generalized EM Algorithm for 3-D Bayesian Reconstruction from Poisson 
Data Using Gibbs Priors. 
IEEE Trans Med Imaging 1989;8:194. 
 
Green PJ.  
Bayesian Reconstructions from Emission Tomography Data Using  
a Modified EM Algorithm.  






















結果（ FWHM ） 
D530c 
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Projection data of activity in the liver and the gallbladder	
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Comparison between a ultrafast cardiac gamma camera with 
semiconductor (cadmium-zinc-telluride: CZT) detectors and standard 
Anger-type gamma camera  for image quality and  myocardial 
ischemia. 
Purpose  
Standard Anger-type gamma 
camera with dual-head detectors 
Ultrafast cardiac gamma camera 
with stationary semiconductor 
detectors 
D530 NMc ( GE ) Infinia ( GE ) 









Case① 70M： Right back pain, past history : OMI ( RCA＃3 ）  
CZT (10min) Standard  (20min) 
Department of radiology, Ehime university school of medicine   





Case① 70M： Right back pain, past history : OMI ( RCA＃3 ）  
Standard (20 min) 
CZT (10min) 
Department of radiology, Ehime university school of medicine   
5 min 3 min 10 min 
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Ejection Fraction of Different Acquisition Time 
•  We compared the CZT camera with the standard 
gamma camera for image quality and myocardial 
ischemia on MPI.	 
•  The CZT camera allows half scan time and better 
image quality. 
•  The CZT camera provides equivalent or higher 
sensitivity for detection of hypoperfusion than the 
standard SPECT.  
•  LVEF of the CZT camera is bigger than that of 
standard gamma camera on QGS analysis. 	 
Conclusion 

















J A C C : C A R D I O V A S C U L A R 　I M A G I N G , 2 0 1 0 ; 3:  6 2 3 – 4 0.	
Arterial Radiotracer 









Through	  fi`ng	  of	  the	  $me	  
ac$vity	  curves	  with	  the	  
opera$onal	  equa$on	  
formulated	  from	  tracer-­‐
kine$c	  models,	  myocardial	  
blood	  flows	  are	  obtained	  
in	  absolute	  units	  	  
(in	  ml/g/min).	  	  
kBq/cc	
minutes	
J A C C : C A R D I O V A S C U L A R  I M A G I N G , 2 0 1 0 ; 3:  6 2 3 – 4 0.	
1.3	 2 .5 	
Time	  AcAvity	  Curves	
3 compartment model; UCLA and Michigan-Munich 
model 
13-NH3 <ー>13-NH4+ Arteriel Blood 
K1 K2 




13-NH3 <ー>         13-NH4+ 
+a-KG Glutamin synthetase 
N-GL-A  ー>         N-GLUT 
Metabolic Compartment 
 MH: Munich Heart   by Nekolla SG 
 
２分程度で血中から消失し、優れた血流画像












LAD:  0.62±0.32  mL/min/g	
RCA:  1.02±0.18  mL/min/g	
LCX:  1.04±0.18   mL/min/g	
A	  case	  example	  of	  dynamic	  imaging	  with	  	  
the	  D-­‐SPECT	  camera.	   
(A)  	  Time-­‐ac$vity	  curves	  with	  input	  and	  output	  
func$ons	  generated	  for	  the	  Tc-­‐99m	  tracer	  
injected	  during	  adenosine	  stress	  and	  at	  rest.	  	  
(B) Polar	  maps	  of	  the	  same	  pa$ent,	  showing	  
normal	  coronary	  reserve	  flow	  index	  	  
Sharir	  T	  et	  al.	  J	  Nucl	  Cardiol	  2010;17:890. 
(Courtesy	  Marcelo	  DiCarli,	  
Brigham	  and	  Women’s	  Hospital,	  
Boston,	  MA,	  USA.) 
DNM530cを用いた二核種同時収集 
Kawaguchi N1, Miyagawa M1, Okizuka Y1,  Kido T1, 
Kurata A1, Ishimura H2, Takahashi Y3, Mochizuki T1;  
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Feasibility of I-123　BMIPP and Tc-99m 
Tetrofosmin Dual Isotope SPECT with 
Dynamic Acquisition Using a Fast Gamma 
Camera with CZT Detector 
important feature of pixelated CZT imaging, which is
advantageous for dual isotope protocols, is the common
SR for all energies and isotopes. Thus, the SR for 201Tl is
the same as 99mTc (Table 3 and Fig. 7). Lower 201Tl
resolution in S-SPECT has been a source of decreased
contrast on 201Tl images and also a source of mismatch in
the comparison of stress/rest left ventricular sizes in current
99mTc/201Tl dual isotope protocols.
The DNM technology has other practical advantages;
since each detector pixel has independent electronic signal
readout and processing, it is therefore capable of accurate
count measurements even at very high count rates, where
S-SPECT cameras with their single large detector crystals
fail (Fig. 8). We denoted this as “high rate count linearity”.
Critically, since the gantry of DNM does not move during
acquisition and since all detectors are therefore acquiring
the data from the source simultaneously, the projection
images recorded are therefore all consistent in the time
domain. That is, patient motions and isotope distributions
are the same for each and every projection image submitted
to the reconstruction module. This aspect of the data
resembles PET imaging and its advantages; we denote it
as “inherently tomographic imaging”. Importantly, data
acquired in a short time interval is also reconstructable,
allowing even further reduction of the acquisition time
when necessary, e.g. in emergency scenarios. Since images
can be reconstructed on the fly, acquisition can be
terminated at a preset count density or when the data
becomes sufficient for diagnosis. Because of its inherent
tomographic features, the DNM is capable of dynamic
tomographic sampling with high temporal resolution of the
left ventricular cavity and the myocardium during the initial
passage of an injected bolus through the heart chambers
(Fig. 11). These data are the classic input for compartmental
modelling aimed at absolute CFR measurements.
Besides reducing acquisition time, the increased sensitivity
of the DNM may alternatively enable a cost-saving reduction
in radiopharmaceutical dosage and a corresponding reduction
in patient radiation exposure, all options that contribute to
flexibility and cost-effectiveness in the nuclear cardiology
clinic. In addition, faster patient procedures allow more
economical usage of the total dose that is prepared in advance,
especially in the setup of a 1-day rest/stress protocol using
99mTc-based MPS tracers. This logistic advantage is very
relevant today, due to the shortage of 99mTc generators in
northern America [47]. The short acquisition times and the
small footprint may enable use near the coronary care unit
itself, employing long-standing protocols [48, 49] for MPS
in scenarios of acute coronary syndrome. Alternatively,
scientists and clinicians concerned with the best image
quality may utilize the DNM sensitivity to acquire higher
statistics still in a relatively short time. For example, more
precise gated acquisition with more and hence shorter gate
intervals may allow the algorithmic creation of de-blurred


































Fig. 5 Clear separation of
99mTc and 123I energy peaks
on DNM as contrasted with
S-SPECT. In addition, the
S-SPECT spectra show two
fluorescence peaks for Pb at 75
and 85 keV originating at the
parallel-hole collimator. Septal
penetration and scatter of higher
energy photons associated with
the 123I dose are also noted on
S-SPECT alone
Fig. 6 123I images. Left: planar
image from S-SPECT system
demonstrates a “star effect” due
to parallel-hole collimator septal
penetration and scatter of higher
energy photons associated with
the 123I. Right: “planar” image
on a single collimator-detector
module of DNM system has no
“star effect”
1894 Eur J Nucl Med Mol Imaging (2010) 37:1887–1902
	  	  Tc-­‐99m	  /	  I-­‐123	  dual	  isotope	  SPECT	   
Ø  Clear separation of Tc-99m and I-123 energy peaks on DNM	

Ø  Determination of the most appropriate energy window by using a point-
source phantom  	
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Results  
Ø The segmental defect scores of 5-8 min interval 
image corresponded to those of early BMIPP 






Ø  The	  deficit	  was	  clearly	  detected	  by	  5-­‐8	  min	  image.	  	  
Conclusion  
Ø After 5 min, BMIPP image was stabilized resulting 
in excellent image quality with 3-min acquisition. 	

Ø The BMIPP/TF dual-isotope SPECT could clearly 
demonstrate the perfusion-metabolism mismatch.  
　	
まとめ	
・　半導体装置を用いることで、5分以内で心筋血流 
SPECTが得られる。àスループットの改善あるいは被曝の
低減が得られる。QGSも5分で可能。 
 
・　仰臥位に引き続き腹臥位撮影を追加することで、特異
度が改善する可能性。 
 
・　エネルギー分解能の改善により、I-123標識製剤と
Tc-99m製剤のdual SPECTが可能。 
 
・　ダイナミック収集の解析により、心筋血流予備能(MFR)
の定量評価の可能性。（自動解析ソフトウェアの開発）	
